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Introduction: The Goldstone Solar System Radar (GSSR) has suc-
cessfully collected radar echo data from Mars over the past 30
years. The older data pro-vided local elevation information for Mars,
along with radar scatiering information with global resolution (e.g. [1,
2)). Since the upgrade to the 70-m DSN antenna at Goldstone com-
pleted in 1986, Mars data has been collected during all but the 1997
Mars opposition. Radar data, and non-imaging delay-Doppler data

in particular, requires significant data processing to extract elevation,
reflectivity and roughness of the reflecting surface [3]. The spatial re-
solution of these experiments is typically some 20 km in longitude by
some 150 km in latitude. The interpretation of these parameters
while limited by the complexities of electromagnetic scattering, do
provide information directly relevant to geophysical and geomorphic
analyses of Mars,

Landing Site Assessment with Radar Data: The usefulness of ra-
dar data for Mars exploration has been demonstrated in the past.
Radar data were critical in assessing the Viking Lander 1 site [4, 5]
as well as, more recently, the Pathfinder landing site [6, 7]. In gene-
ral, radar data have not been available to the Mars exploration com-
munity at large. One of us (Halde-mann) has recently finished a pro-
ject funded by the Mars Exploration Directorate Science Office at
the Jet Propulsion L y (JPL) 10 to a common for-
mat the last twelve years worth of raw GSSR Mars delay-Doppler
data in aid of landing site characteriza-tion for the Mars Surveyor
Program. The radar data used were obtained since 1988 by the
GSSR, and com-prise some 72 delay-Doppler radar tracks. Twenty-
eight of the tracks lie in the latitude range proposed for landing sites
for the 2003 Mars Exploration Rover (MER) and are listed in Tables
1, 2, and 3. The available data consist of Hagfors radar scattering
model fits to the data every 0.1 degrees of longitude. The fit para-
meters are range (elevation), reflectivity (Fresnel), and surface
roughness (rms slope) for each 20km x 150km resolution cell.

Intert ic delay-Doppler radar: Observing the radar echo
with more than one receiver provides a means to remove the north-
south delay-Doppler ambiguity. Thirteen of the 72 radar tracks in
the recently re-assembled radar dataset are interferometric radar
tracks (called out in Tables 2 and 3). The interferometric information
has never been quantitatively processed, because the signal to
noise is insufficient to constrain both the phases and the radar scat-
tering parameters. The new topographic data from the Mars Orbiter
Laser Altimeter (MOLA) on the Mars Global Surveyor (MGS) space-
craft offer the best means to analyze these unused data to make ra-
dar maps that extend the radar properties coverage some 3 to 4 de-
grees beyond the sub-earth radar track. This would be a significant
expansion of the dataset, and is all the more warranted as the radar
spatial resolution improves away from the sub-Earth track (smaller
range ring-Doppler strip inter-sections away from the sub-Earth
track). At the outer edges the radar resolution cell is of the same
order of size as the landing site ellipses for future missions (approx-
imately 20 km diameter).

The Mars observations in interferometric mode were made in such

a way that they would have no im-pact on the normal ranging experi-
ments. To that end, the range and frequency resolution were identi-
cal to the normal ranging experiments with few exceptions. The baud
was 6 microseconds over-sampled by two. The normal experiments
have 35 range gates, but the inter-ferometer processing would nor-
mally handle only about 33. The code had 63 elements, and no co-
herent summing. So, the frequency coverage was 2645.5 Hz and
processed in real time to 128 bins or about 20 Hz resolution. Spectra
were recorded about every 5 sec-onds. The spectra included the
power from Goldstone DSN antennas DSS-14 and DSS-13 and the
cross power products. Thus, each frame contains about 16,896 float-
ing point numbers. As with normal ranging, the front cap coverage

is about 5 degrees. This is limited by aliases and not by the radar
processing ca-pability (although these were at the limit),

The Doppler resolution is about 4.5 km (it varies a bit depending up-
on the latitude of the sub-radar point, but this is as good as it gets.
The range resolution depends on the angle from the subradar point,
and some values are given in Table 2. There is no appreciable degra-
dation of the resolution due to averaging. Because these data are
over-sampled in range, we actually get the resolution indicated in Ta-
ble 4. As to SNR, signal can normally be seen in all range gates for
DSS-14. Just how much trouble the North-South aliases will be with
the new processing is not yet resolved.
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Significance: Currently the data along 28 delay-Doppler radar
tracks are available for MER landing site evaluation. The topogra-
phic information these ra-dar data used 1o provide for Mars missions
is now su-perceded by MOLA. However, the data from that instru-
ment offer a means to bootstrap radar data to higher spatial resolu-
tion. This offers the possibility of assessing the surface radar reflec-
tivity and surface roughness over significant areas that meet the
MER landing site selection criteria with data from 13 of the oider
tracks and all of the 18 tracks planned in 2001 (Table 5).

Table 5. Planned GSSR Mara 2001 Observations

28May 000 83 141 ‘Sieshh

7dme 170 355 39 ‘Homatie'
GJune 188 346 20 ‘Hematls'
SJune 207 396 19 ‘Hematie'
15June 324 278 N7 Isicie/Syriis

2
tdauly 748 346 23 Hematts'
23Juy 728 255 232 lsicie/Syris
2Bauly 707 203 241 Ehsum
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Figure 1. Radar tracks overlain on Mars Global Surveyor (MGS) Mars Orbiter Laser Altimeter (MOLA) altimetry and Viking MDIM for the Mars Exploration Rover landing latitude range. Blue tracks are existing GSSR delay-

Doppler data, yei and red tracks are existing and planned interferometric GSSR radar data respectively.

Figure 2. Radar tracks overlain on Mars geologic maps for the Mars Exploration Rover landing latitude range. Blue tracks are existing GSSR delay-Doppler data, yellow and red tracks are existing and planned interferometric

GSSR radar data respectively.




